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Abstract: In order to understand the temporal-spatial distributions and the pollution sources of nutrients in Lake Dalian wetland,
the data of water quality from 2008 to 2022, were integrated systematically. Water samples were collected and analyzed from six dif-
ferent land use types in wet and dry seasons from 2021 to 2022, while the diurnal variation (24 h) monitoring was conducted in

normal water period of 2021. The interannual results showed that total nitrogen (TN) was in the class [V-V water limit of the En-
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vironmental Quality Standard for Surface Water ( GB3838-2002) while the maximum value was at dry season in 2009 (2.97 mg/
L). The ammonia nitrogen ( NH;-N) could meet the class I1I water quality standard in recent years while the maximum value of to-
tal phosphorus (TP) observed at wet season in 2021 is 0.79 mg/L which exceeded the class V water quality standard 0.4 mg/L.
The water quality of Lake Dalian wetland seemed to be improved after ecological restoration, however, the nutrient was still high.
This result was consistent with the trend of nutrient contents in Lake Dianshan, implying that the inflow water could be one of the
reasons for high nutrients in Lake Dalian wetland. Seasonal data revealed that each indicator presented seasonal differences, and the
dry season was slightly worse than the wet season. The pollution brought from the other rivers also could be the reason for the worse
water quality at Lake Dalian wetland. The nutrients and organic matters prominently exceeded in fish pond and lotus pond, in parti-
cular, the TN content was 2—4 times compared to the class V water standard limit (2.0 mg/L) in fish ponds. The 24 h monitoring
data indicated that pH, water temperature( WT) , dissolved oxygen (DO) and chemical oxygen demand ( COD, ) reached the
maximum values at 14:30 for most of the sampling sites where pH, WT, DO and COD, were 9.1, 33.3°C, 35.6 mg/L and 90
mg/L, respectively. Nutrients seemed no obvious diurnal variation which might be due to the diversity and complexity of nutrient
sources. The results of water quality index (WQI) demonstrated that water quality was in the medium level at most of the sampling
sites; the results of comprehensive indicator for eutrophication evaluation showed that all the sampling sites reached eutrophication
grade except the Bl in the wet season. Principal component analysis (PCA) illustrated that nutrients and organic matter were the
main components of pollutants in Lake Dalian wetland. The main sources of exogenous pollution were the effluent discharge from
paddy fields and aquaculture ponds, dosage of fish pond feed and water bamboo field fertilizer, sewage discharge from tourists and
local residents. The main sources of endogenous pollution were the decomposing accumulation of dead animals and plants, and the
release of organic matters from the sediments. The results obtained here can not only serve as the theoretical basis and technical
support for ecological management of Lake Dalian wetland, but also provide scientific basis for pollution source control, pollution
risk assessment and management strategy implementation.

Keywords: Lake Dalian; wetland; nutrients; water quality evaluation; source identification

HETARE AL T = A — PR R 8 ORI —— LW T 7 X, J8 T3 LK &R 2% DX 1 Tl E 2 11
IKIRPRAP X, B /K H 2K IR SR IX o R HBTE (AR B A AN ] R AR PR AT, K BOIR B A 2522 2 X ok
VARG R KK 2 4 AT BB 2019 AR 45 et & 1 (R S AR skt — L R TR G X SR T
) BRSO Al R R RV R S = Ay — PR A [ e 1y T IR o I A I 5
7 5 AL AT ARS8 i PR 7K P35 DR PR3 i R PR R Al i ol A5 32 3095 e, KA SRR TR
SR AR KA T2 T 24 0 A 7 2 O BB I R TR AR R R S K O S B SR AL
et . A B4R IR WA S I U 3 T S P B, A T A K MR R S i ] B SR LV K, 45
T AR R A R T T KV SRR

R, 06T R 1 0 5 500, 388 g B T B — (0 K BROIR L A R0 7 i A A o 45 40 5
GO ST AT AR bR S BB g B RS, DA S 1) - b R PSR L BR T MR
(7] FH 28 2038 3t K A 3 e M BRI AR 54 I 23 0 A R A A, o Xk DX IR B B B E A7 A, B — 2B X ok
R v B B0 B SRR AT IR T . DR RAT BT 1 A IX BRI AR, B 1 A 2 st R DR 1] i A i il
B, SR 5 R AR 15 T XU B VPl B A8 BSR4 St B A~ Al

1 RRFF T %

1.1 HREEHR

R TR B 3 57 9 T T X G 4 R BT P AR 4N Bl P (31°04'N, 121°00'E) (&1 1) , i i 2 ot
P 1T 1 S YT, XU T AR Y 14,60 kK3 T ALY 1.0 km®, & b T B0 UT 1 WK B 4 IX
B P AR 2 KU AT AR 17.7°C  AERK R 2y 1050 mm, T 6—9 A [k 7E 6 Az, 12 A
TR/l o KRR T8 B WA , A FUK B AR S il K R i s g B R L KW
WML RN AR SR AL A I T AR T AR ARR R AR T Ml VR K S 5 1 H A A P e 0 3
Moo HrPUKFR G 40% AT (5 32% bkl i 8% E B 5% VS 6% At 9% 7o 4R IR ST s SR
FEAS X IR, 2 BRI RE AN ZE 17, 10 A /KRS EIG 38R 526 2 =045, bk RS LUk R K O T B4 1,



888 J. Lake Sei. (#ia#+5) ,2023,35(3)

TE M X 480, 45 F2 00 2R G0 A 0 B R K AR, R R X B AR T KA S, LT Tl 4l
TEASHEXNA 60 LA MHAZ , AKMARE], K% FEE T AL T L XA 1m0
12 BERESWE
BSR4  TF KA (2021 4F 8 J) R ZKHA (2022 48 1 7)) fE REERTRH AT 15 SRS (ET D) 2

EE(ALLA2) BTG (B1~BS) FEHI (D1.,D2) FFAEHE(F1.F2) g (E1E2) AASHEE X (C1.C2)
6 Fp L 1R 2SR AT KRS FR 38 K BEALFERRAG W, FE A REESKIE LA 0~0.5 m 4k, LA 2.5 L RK %%
SRAEIKEETRR YIS 19 500 mL 3B Z 4G , BN SREE S BEE 3 A FATAE , B B R, IR AR A7 ML =
AT 5 S R RE AT AL BE 5 43T

120°30'E 120°50'E 121°10'E
N K= iy Pefl R R
31°10’N—1

310N A

30°50'N

31°10'NF

10N 1 — P
1

1 1
120°50'E  121°0'E  121°10'E 121°20'E

P 1 R ST b R 5 55 SR A 40 A

Fig.1 Geographical location and distribution of sampling sites in Lake Dalian wetland
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Tab.2 Summary of water quality in Lake Dalian wetland from 2008 to 2022

KBAR R (1)

Ml ’ DO/ COD/  BODy  NH;N/  NO3-N/ N/ P/ iﬁ
P (mg/L)  (mgLl) (mgl) (mgl)  (mgL) (mgL)  (mg/L)
2008—2000 FAM  — - - - 0.35:0.18  2.07+0.62 2.52+0.94 0.12:0.02  [4]
2000 FAM 0 — - 16.00 - - - 1.53 0.13 (6]
wokm o — - 38.80 - - - 2.97 0.08
2013 kM — - - - 0.28 0.04 0.89 0.39 [28]
wokm o — - - - 0.36 0.00 172 0.22
014 44 - 6.91 - 2.79 0.13 - 1.35 0.06 [1]
216 44 - 4.80 - 2.81 0.23 - 1.85 0.12
017 44 - 5.22 - 2.06 0.33 - 2.2 0.1
2018 ki 9.6l 10.17 — — 0.07£0.02  0.63:0.17  0.50£0.09  0.09 [29]
6.75 7.13 16.20 3.64 0.33 0.39 1.24 0.79
20202022 FAM (6 27_725) (5.98-8.15)(12.00~22.00)(3.00~4.20) (0.19~0.57) (0.00~0.64) (0.98~1.55) (0.57~096) "
A 8.10 10.20 18.80 5.30 0.40 1.20 2.00 0.05
BT (5 00-5.40) (5.86~8.31) (5.00-27.00) (2.00~7.50) (0.29~0.52) (0.77~0.88) (1.77~2.15) (0.04~0.05)
T2k FRAE - 5 20 4 1.0 - 1.0 0.2
VK BR{E 6~9 3 30 6 1.5 10 L5 0.3
V2K B - 2 40 10 2.0 - 2.0 0.4
1 DA R K ER BT B bR i) (GB 3838—2002) S MaARME, "« $5 54N HEIE IS , 355 P9 R 8 di J 1

D2(AEH) Al E1(fa3%) () COD., (B 1 g) 1 TOC (KA T h) 76 F AW 405, #1i¢ I, COD,, ¥k it
L AR R Z S5 e Y FE SR AR S T AR O 2, K S A A i B R R, T Al R e
FELE B AL R R R A B e, TR A K AR S UK IR WL S BT .
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Tab.3 Water characteristics of Lake Dalian wetland at different land use area during wet season and dry season

THF R AR (31E)
X
R WwWT/ H DO/ Eh/ TSS/  BODs/ COD/ TOC/ NH;-N/NO3-N/ TN/ TP/
C p (mg/L) mV  (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)

W K 3230 675 713 117.72 2254 3.64 1620  6.17 033 039  1.24 0.79
ik 770 8.10 1020 307.70 19.00 530 18.80 4.90 040 220  2.00 0.05
WP E/K# 3060 626 557 130.10 22.14 1.85 13.50 5.16 045 0.63 131 1.18
HMik#  7.50 830 10.71 296.50 850 420 2450 5.00 050 1.90  2.00 0.05
MRS E/KHI 30.80  6.12  3.53  134.60 2492 130 13.50 522 136 173 3.72 6.15
ik 8.10  8.10 9.95 26420 11.00 16.50 2550 6.10 0.50 0.30  0.70 0.04
fayE  FEKM 3190 596 429 12870 81.14 10.30 81.14 896 218 051  3.23 6.15
Mk 8.00  8.00 936 304.60 29.00 6.60 2350 7.00 490 1.00 5.60 0.08
FEH KM 3435 637 826 124.65 37.01 255 28.00 1040 0.62 021  1.36 1.60
wokie — - - - - - - - - - - -
A KM 3045 622 398 14210 13.86 0.85 1850 7.00 035 0.16 1.03 2.24
BEX Mk 770 770 9.89 486.40 1450 370 1450 560 040 120  0.70 0.03

a: HH TR KRR AR SR BKRE , Bl Dl

BRI TCHLER (& RS TR 0 A W FR 2h ) 45 85 J 4 B WA K B s 8 Rk B I X k)
NH,-N(FFIE T 1) a7 ER 0.33~1.36 mg/L, #i7K FAFI{E > 0.40~4.90 mg/L, B E1 . E2 F1 F1 1 g4
Ob A ST T ~ MZEKT ; NOS-N (BT T ) $e 0k B BRI E T 37K 1~ 3 534, W Rg Ak
R KD KA NS, R TG Y i B B0 LR K S A LA , K A AT 0 o 55 5 5 1) W A
JIAEFETEC . TNCHI T k) 28R IR K 1B A b 1T ~ V 250K 5 R A8 2 7], SE K 301 £ 5% TN 2418 K
3.23 mg/L ik dE TN $4{H K 5.60 mg/L, & VIEKPRUERR(E 2.0 mg/L # 2.8 £%;NO;-N Fl TP FEk H
HETE T K AR M K 9 JCHLIE e , B NOS-N Sk it NHG-N i AR bt B Ak iR > o K4k TP e
Wit AR AL B I, i TP (R IET T 1) 235 2 11 2K BudsafE 0.20 mg/L, ¥{EE[E 2 0.03~0.08 mg/L, K
TP AR VIOKRRIE 0.4 mg/L, ¥{EFEE Jy 0.79~6.15 mg/L, FE ZH T HKMMEKZ  EokE
SN R K S AR B A M B

ARG, 0 AAE SR E XK _EARAR) SR K BTG, BT 0 B R IR , 52 AR 3B/, HEll i
R B SR HLA I RE I BER , TE W AT ZE A AT 15 G s AR A AR T DX ) DR H: Sy R 3 T8
T b E DR DX, PR P R Ve B, ELR R T AR AT Bk A v (i A i s 3 A5 2% T, B BB 4
BRI . AR ALK R Bl P 2 | 2R B A S HE T L B ARt FH 8 1 g 3 U 3R AR 1 3
o B, A — R BRI R S, B 2 KRR R, BB 2 AL T AR IF SR ARAS , W A5 4 7
SR K B G E IR I
2.1.3 K24 h B ZAKRAE KT 24 h B S B 7EIRTE — R Z W B F IR SR A0 S 205 2546 05 30
ARG DL, AT ARAS B I0RS B 114 7 S B , A1) FH 0 2 B S8 P 5000 o 8 2 o7 1T B 1) 75 YRR, [RI B Sk I R 3
T 11 A 25 VA PR LR 2 ARG o ABIFSE TPk (B iz i ity 53t A AR PR R K
I 5H 57 V0 1 0 P St 38 108 b, P - b R S 2 ) S B — A SR FE AT 24 h BRCREE S HT L8, A
T WIND A A 7] R F SRR BFE A 24 h B0 P39 (6 W 18T T 2Bt 3R T TR o

FRIEEWNT b 7] R FH 2SR pH (LI 5.70~9.10 (BB T b) , ¥{E K 7.43, 50 pH e 8 %
AR R KA CO, M, CO, & —FRER MM, K A5 A 00 0% IR 12 A1 D AR i L 400 40 0 5 1 T ol kv
CO, FHETF R R AR ™, i 31 pH 3.

KA DO -7 728 A7 10 35 5 0 DR 2 S R A R4S AR B R AR e A MR S R Y kAR
DO ZBALE F R 2.37~35.60 mg/L(FE W e), ¥{EHR 7.15 mg/L, FeAG 2 1 ~ M 2K B bR, fe i fH
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35.60 mg/L HHILTE 14:30 (Y fadl, REEIIG M AL I, 2 S K AR A 3 22 VR U A ) AN e 28, K ik 2 S RH (B 1Y
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Fig.3 WQI characteristics in Lake Dalian wetland during wet season and dry season
(The lack of data at D1 and D2 was because of the fallow of the paddy field during the dry season)
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wetland during wet season (a) and dry season (b)
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Attached Fig. I Water characteristics in Lake Dalian wetland during wet season and dry season
(The lack of data at D1 and D2 was because of the fallow of the paddy field during the dry season)
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(a) T; (b) pH; (c) DO; (d) Eh; (e) CODcr; (f) TOC; (g) NH4™-N; (h) NO3™-N; (i) TN; (j) TP.
Attached Fig.II Diurnal variation of water characteristics in Lake Dalian wetland at different land use area

(The lack of data at some points was because of the lack of water samples)

PER 1T KR AN [F) - 3R I SRR K B 64 24 h P29 {H

Attached Tab.I 24 h mean value of various water indices in Lake Dalian wetland at different land use

o LS i)
fokr ViblE| AT P faf A€ ik AFRE X
BN
B R BRR BRR R R BRR BRR
FE A " ~FME " FEE " FHIME " PEIME e
(%) H(%) H(%) H(%) (%) (%)
T (°C) 2177 247 26.93 0.48 27.13 1.08 27.33 9.07 29.63 8.84 29.08 211
pH 7.32 5.82 7.45 1.50 7.45 353 7.19 8.69 7.78 8.44 7.40 1.66
DO (mg/L) 614 1568 5.19 12.28 5.37 7.17 3.49 3572 1139 8412 9.09 17.02
Eh (mV) 13810 973 18018 2100  160.38  19.11  -10.16 115203 10093  31.91 19610  13.04
COD: (mg/L) 1283 2561 1375 1656  11.83 4293 4371 4477 6167 1613 1500 2357
TOC (mg/L) 544 1131 474 10.28 5.03 1111 1385 1880 1664  27.00 5.72 11.12
NHs*N (mg/L) 038 3350 0.41 22.98 0.36 16.31 0.92 8.15 1.92 18.55 0.28 10.13
NOs-N (mg/lL) 035  47.47 0.43 49.24 0.47 61.08 0.26 96.74 0.31 55.89 013  103.25
TN (mg/L) 118 10.69 1.36 24.06 1.14 2.97 1.80 44.83 3.06 27.18 0.74 6.19
TP (mg/L) 006  28.87 0.08 60.60 0.08 25.00 015 10879  0.38 33.58 0.04 2211
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Attached Tab.II Evaluation results of water eutrophication in Lake Dalian wetland during wet season and dry

season
KAE AT FIKH PRI 7K A
El 374 El E31

Al 44.36 O Al 45.31 HETR
A2 49.63 wBER A2 47.29 HET
B1 38.12 g SR B1 48.90 HER
B2 48.03 BER B2 49.78 HER
B3 45.01 BET B3 42.23 BER
B4 45.86 BET B4 48.09 BER
B5 46.28 BER B5 46.18 HER
C1 48.87 BET C1 39.46 BER
C2 43.11 BET C2 45.87 BER
D1 40.72 BETE D1 -2 -

D2 54.56 BER D2 - -

El 61.85 HEEFR El 53.41 BER
E2 60.30 BER E2 56.66 HER
F1 65.20 HEETR F1 49.59 HER
F2 40.67 BER F2 44.39 BER
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